Background
Hypothesis
A novel point of view based on diffusion-driven percolative clustering is proposed here that can plausibly shed more light on the complex issues of protein-protein interactions. Since this model is open to computational analysis, it is quantitative in its premise. Besides being able to analyze the phenomenon, the power of any model is gauged by its ability to predict interesting and novel features of the phenomenon itself, which can subsequently be tested by additional experiments. To this end, an experimental assay based on fluorescence lifetime imaging is proposed to verify the validity of the percolation model.
Implications
Modeling the temporal evolution of the cluster distribution, bound clusters amidst unbound receptors, can give useful information on diffusion behavior of the proteins as well as on the binding constants of the complexes. Emerging trends in clustering algorithms based on the "mutual connectivity" of gene expression profiles are vital in the Human Genome sequencing era. Concepts in the collective dynamics of networks (e.g., "small worlds" network) hypothesized in various other circumstances may also be a plausible way of understanding biological networks. As a practical note, this model could be easily translated to a real time FRET image analysis module for extracting quantitative information about individual proteins and molecular assemblies in their native physiological environment. Furthermore, with careful experimental design, it is possible to extend the scope of this model to protein-lipid and lipid-lipid interactions as well.
Background
Interactions among proteins in living cells can be dissected into two major events: first, the diffusive transport in cellular environments to explore the corresponding partners and second, interacting with the partner in a very specific manner (e.g antibody-antigen specificity). Understanding these two steps entails sensitive experimental assays to measure these specific interactions with high spatial/temporal resolution as well as quantitative methods to extract parameters that characterize the 
Hypothesis and Discussion

Invasion percolation model
The conceptual basis for percolation is intuitively simple and has been used in a wide variety of fields such as mineralogy, forestry, polymer physics, porous media and granular transport [1, 2] . organization and in gene expression profiling [3, 4] . Despite the simple premise and extensive computational developments in percolation, it is surprising that there are no serious efforts in the past to apply percolation modeling to understanding proteinprotein interactions.
Experimental approaches to probe percolative clusters in living cells
The hypothesis of percolative clustering and its implications in understanding proteinprotein interactions can be experimentally verified by biochemical (immunoprecipitation, protein affinity chromatography, crosslinking) and/or biophysical (diffusion measurements) techniques. It should be clearly understood however, that the information content obtained from various experiments may not be the same owing to the fact that every method probes different length-and time-scales of protein-protein interaction networks [5] . For instance, the size of protein clusters that can be measured by immunoprecipitation or crosslinking will be quite larger than that measured by sensitive diffusion measurements. Thus depending on the sensitivity of the experimental assay, one can obtain information from protein clusters and can form an "infinite" or "spanning" cluster of bound receptors that may be a required step to initiate a biological signal. Experimentally, the mobility of a ligand can be monitored by diffusion methods such as single particle tracking, fluorescence correlation spectroscopy, fluorescence recovery after photobleaching [6, 7] .
Nevertheless, these methods are unable to provide high spatial resolution.
Alternately, one can fluorescently label the receptor on the membrane and monitor the fluorescence anisotropy of the receptor in its bound/unbound states. Anisotropy reveals information on rotational correlation and hence depends on the shape and size of the molecular complex. In the two-state percolation representation, a bound receptor yields high anisotropy and unbound receptor yields a low anisotropy. In a recent excellent article, Mayor and colleagues reported on the nanoscale (< 5nm) organization of GPI-anchored proteins in living cell membranes by combining anisotropy measurements with theoretical modelling [8] . It is intriguing to note that percolative clustering model proposed here is in principle a generalized approach for understanding protein-protein interactions regardless of the size of the clusters as well as understanding steady-state and transient cellular processes. Figure 2 exemplifies the applicability of percolation hypothesis in the study of receptor-receptor interactions mediated by a diffusing species of ligand (e.g., the classical case of hormone induced receptor dimerization). Among the various fluorescence assays that are being employed in the study of protein-protein interactions, Fluorescence Resonance Energy Transfer (FRET) microscopy has been very popular owing to its ability to detect inter-and intra-molecular interactions in the 1-10 nm range [9, 10] . The difficulty in extracting molecular information from intensity based FRET approaches is primarily due to the highly nonlinear spectral profiles as well as to the artifacts involved in the measurements. Alternatively one can employ fluorescence lifetime imaging microscopy (FLIM) as a reliable assay for studying protein-protein interactions [11, 12] . As fluorescence lifetime ( ) is an intrinsic property of the fluorophore, it can be a reliable reporter of changes in the radiative decay rate induced by local environmental effects such as pH and ionic concentrations as well as energy transfer events. Interestingly, this situation mimics the clustering hypothesis that relies heavily on the influences of nearby neighbors. Top panel of Figure 2 shows an experimental verification of this prediction.
2D percolation clustering in membranes : an experimental demonstration
Representative lifetime images of cells expressing cytokine receptor tagged with fluorescent proteins are given. Hormone application has been shown to induce receptor-receptor interactions [13] . 
Conclusions and perspectives
Although examples presented in this commentary have been restricted to interactions between two proteins in cell membrane it is readily possible to extend this approach to more complex, multiple-protein interactions by means of "correlated percolation" and also three-dimensional interactions. Similarly, improved percolation models incorporating anomalous diffusion, which can arise due to obstacles and binding, can be used to more accurately represent diffusion kinetics of protein species [15, 16] . It is interesting to observe that, owing to its intrinsic cluster structure, the percolation model can naturally incorporate the more recent hypotheses based on lateral heterogeneities in cell membranes such as 'domain hopping' and "lipid raft"
hypotheses [17, 18] Emerging trends in clustering algorithms based on the "mutual connectivity" of gene expression profiles are vital in the Human Genome sequencing era [19] . Concepts in the collective dynamics of networks (e.g., "small worlds" network) hypothesized in various other circumstances may also be a plausible way of understanding biological networks [20] . There is an equal probability (p) for every node to be occupied. If we assign randomly a certain number of nodes to be occupied at any point of time, there will be pN occupied nodes and (1-p)N empty nodes as determined by stochastic "random 
